Beam Quality Characterisation at the ESRF by Hardy, L
 97
 








The high level of sophistication of many experiments is a first motivating
factor for accelerator physicists to improve intrinsic beam parameters. In
order to process data and understand results, Users need to be actively
informed of such parameters.
At the ESRF, demand for beam time is three times greater than is available. It
is this aspect, among others, that spurs accelerator engineers to do their
utmost to improve beam time availability in order to best satisfy the User
community. This is also part of the so-called beam quality. Beam uptime has
now reached such high figures in many centres that Users tend to forget that
there is an accelerator behind the wall … until it fails! This is why
maintaining a good level of communication with Users is crucial: explaining
what we are doing and listening to their needs are our two major interests.





The European Synchrotron Radiation Facility (ESRF) is an X-ray source of the third generation. The
accelerator complex is composed of a Linear accelerator (e- 200 MeV), a synchrotron (300 meters –
6 GeV) and a Storage Ring (844 meters). The ESRF accelerators have been in full routine operation for
over six years. The source delivers 5600 hours of X-ray beam to nearly 40 beam lines simultaneously.
Our first goal is to ensure good availability of the Machine as well as a satisfactory Mean Time Between
Failures (MTBF) all of which under safe conditions.
 
2. INTRINSIC BEAM PARAMETERS AND BEAM QUALITY
2.1 Why is it important for the Users?
 
For fundamental research as well as for applications (including medical treatments) using particle
accelerators, the knowledge of intrinsic beam parameters is essential. Almost all experiments are fitted
for dedicated beam characteristics (beam size at the location of the sample for LIGA techniques, beam
stability for cancer treatment, etc). Experimental devices, such as monochromators, targets, detectors,
will be especially designed for given beam parameters and scientists will generally exploit beam
characteristics so as to develop new ideas for experiments (time-structured beam for storage of hard X-
ray photons in a crystal cavity, bunch length for biochemists, etc). Then, for the processing of obtained
data, these parameters will again be of prime importance in order to analyse and understand results and
to finally validate models.
 
2.2 What is monitored online in the ESRF Control Room?
 
One computer screen displays the main beam parameters online (intensity, lifetime, rms orbit values,
tunes, emittance). It is located at a central location in the Control Room so that it is permanently visible
to the Operator. For all these parameters, a tolerance range has been predefined. Should the value be in
this range, the value will appear on a green coloured background. Otherwise the background colour
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turns to orange so as to catch the attention of the Operator. Some of these parameters (such as the orbit
value) are even linked to a voice synthesiser audio alarm. 
Whilst the beam is running, several important beam parameters are monitored online:
• The betatron tunes: should this parameter be wrongly tuned, this will have an impact on the
lifetime. The Operator has the possibility of changing the tunes. 
• Information about orbit values. A plot of the orbit seen by the 224 Beam Position Monitors
(BPM) is displayed. Rms values and peak values are then automatically computed. The
Operator can retrieve good orbit values by applying a SVD correction process. However, in
the case of abnormal behaviour of a steerer, the orbit plot can be used as an input in a
simulation code, which will determine the faulty steerer (which can then be invalidated by the
Operator).
• Furthermore, three beam lines require particularly good beam stability. They are equipped
with local feedbacks (making local corrections at a rate of 4.4 kHz). A graph in the frequency
or in the time domain is permanently monitored for these 3 beam lines. 
• Viewed by a pinhole camera located in the Storage Ring, the X-ray beam spot is displayed
online. This gives a considerable amount of information. When the beam displays optimal
conditions, a Region of Interest (ROI) is defined on the screen. Beam drift or jumps outside
this ROI will indicate orbit anomalies. When inside this ROI, the emittance is permanently
computed in both planes. Horizontal deformation will indicate the presence of High Order
Modes. Vertical palpitations will indicate a lack of chromaticity. A tilted spot will indicate that
a skew resonance is badly corrected, etc.
• When delivering a time-structured mode (such as the single bunch), Users need a perfectly





paramount. Again, the bunch purity is monitored online thanks to an APD diode located in the
Storage Ring. However, when the Operator is sure that the bunch is pure enough, the diode is
extracted in order not to degrade it unnecessarily.
• Hundreds of others signals can be accessed and monitored online through a common
application. However, this is done only with special goals in mind and not during the normal
Users delivery.
 
2.3 Which information can be accessed by the Users?
 
In order to open/close their Front End, the Users are obliged to go through an application in which,
basic beam parameters are automatically updated online, such as intensity, lifetime and the messages
sent from the Control Room to all beam lines.
In addition, the Users, as well as the Control Room, can access the archived data of about
1500 signals. For each signal, the time scale can be chosen between the present time and 1 year ago.
This is of interest to them since, to give but 1 example, the X-ray beam position in their Front End can
be displayed. However, it has been noticed that Users rarely use that possibility and prefer raising the
questions directly with the Control Room. Most of their questions concern beam stability. The
Operators will generally be able to answer all their questions. However, in tricky cases, Users have the
possibility of sending e-mail to position@esrf.fr which groups a few Machine experts. An answer is
usually provided within a few hours maximum.
Moreover, all online Machine information may be viewed by the ESRF personnel via videos and
scrolling screens installed in most major corridors of all the ESRF buildings (including the Users
Guesthouse).
As yet, no WEB tools have been developed to archive and retrieve data.
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3. RELIABILITY OF THE BEAM DELIVERY
 
Having perfect beam characteristics would be useless if good beam delivery reliability was
unobtainable. Beam time availability and the Mean Time Between Failures (MTBF) constitute the
2 basic figures of importance (the MTBF being of prime importance for the Users). This must be taken
into account in the definition of ‘beam quality’.
At the ESRF, the starting point is a hand-written sheet filled in by the crew on shift. Amongst
other information, this sheet contains: the real delivery time, the average intensity and the failures
(equipment description + time and duration of event). This information is regularly extracted and
summarised in order to produce periodic statistics such as the figures mentioned above. All the failures
and their characteristics (time, duration, description, etc) will be compiled in a spreadsheet, which
includes every failure since the beam is delivered to Users at the ESRF 6.5 years ago. This spreadsheet
can be exploited in many different ways, the most interesting one consists probably in displaying the
evolution of the MTBF per piece of equipment along the years, which will trigger preventive
maintenance actions. This spreadsheet will give information about the origin of the repetitive failures
and the long failures (respectively spoiling the MTBF and the beam availability). It is worth noticing
that the definition of the availability at the ESRF is 100% - dead time for the refills (~1% in 2000) –
time interruption due to failures (~2.5% in 2000) – time interruption in the case of the Control system
crash preventing the Users from working (even if the beam is running) – the time between 2 failures IF
2 failures occur within 1 hour. Our goal, which is adhered to for 3 years, is to stay above 95%. Several
examples of this achievement can be found in ref. [1].
 
4. COMMUNICATION TOWARDS AND FROM THE USERS
 
Now, what to do with a high quality beam and perfect delivery conditions if it does not fit User’s
requirements? This shows the usefulness of two-way communication: firstly, in order to communicate
to the Users our scheduled improvements or our problems and secondly, to listen to their requirements. 
In short, the first step is to anticipate the problems. To do that, once a week, a meeting is held
within the accelerator’s Division and chaired by Operation Managers. All the accelerators’ physicists,
engineers and technicians are invited to this meeting. The beam delivery of the last week is reviewed in
detail. All interruptions, failures and problems are discussed in depth. The main goal is to make sure
that all problems are understood and above all, that experts have undertaken actions to solve them!
Finally, the results of the Machine Physics Studies of the week (one day per week) are reviewed. 
Then, once per Machine run (i.e., every two months), another meeting takes place where a larger
audience is invited: Directors, Users, Machine experts, and any other persons interested. This is called
the Inter Division meeting. The beam delivery of the run in progress is summarised (10 minutes). The
Machine Physics results which have a direct impact on the Users are also summarised. This meeting is
a good opportunity to propose medium to long term strategies to the Users (new filling modes, better
beam stability) AND to listen to their feedback, complaints, and requirements. 
At every meeting one User presents scientific results obtained on his/her beam line. Whenever
possible, they are asked to give focus on results, which were obtained thanks to a given particularity of
the beam characteristics, for example a perfectly cleaned single bunch or a given time-structured beam.




We have seen that, at the ESRF, the so-called ‘beam quality’ is the result of three indissociable
approaches: having good intrinsic beam parameters, maintaining a good level of beam delivery
reliability, two-way communication with the Users. For each of these points, a positive approach must
be taken: a complaint may be the first hint and is a good starting point in order to improve the
accelerator’s performance hence leading to better scientific results. 
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